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Prehmmary chemical modrficatron studies indicated the presence of tyrosme, carboxyl, argmme, htstrdme 
and the absence of serme and sulfhydryl residues at or near the achve site of Clostrzdrum pasteurranum glu- 
tamme synthetase The condrttons for tyrosme modtticatron with tetramtromethane were opttmtzed The 
mactrvatron kmettcs follow pseudo-first-order kinetics wtth respect to enzyme and second order with respect 
to modifier per actrve site There was no macttvatton at pH 6 5 suggestmg the absence of throl oxrdatron 
The synthetase and transferase reactions followed the same pattern of mactrvatron on enzyme modtticatron 
and both were equally protected by glutamate plus ATP Thus tyrosme residues are present at the active 
site of the enzyme and are essential for both tranferase and synthetase acttvrttes 
Clostrrdmm pasteurtanum Glutamrne synthetase 
1. INTRODUCTION 
Glutamme synthetase imtrates ammonia assi- 
milation by catalyzing its ATP-dependent mcor- 
poration mto glutamate. It plays a central role in 
metabolism and is therefore a target for cellular 
control. As the enzyme catalyzes a multrsubstrate 
brochemrcal transformatron, studies of its reaction 
mechanism are of partrcular interest. Most such 
studies have been done kinetrcally. Only recently 
have limited mvestigatrons on active site resrdues 
with glutamme synthetase been reported, whrch 
implicate sulfhydryl [l-4], argmme [5] and lysme 
[6] at the active site of glutamme synthetase. Very 
recently, we reported the purification of thus en- 
zyme to homogeneity from Clostrtdwm pasteun- 
anum, a very actrve, anaerobrc mtrogen fixer [7]. 
The enzyme has a comparatively high M, (1.05 X 
106) and 20 Identical subumts vs 8-12 reported 
from other sources. It exhibits negative 
cooperatrvity in the bmdmg of L-glutamate and its 
K,,, for ADP 1s lowest among those reported from 
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Active site Tyrosme Tetramtromethane 
other sources. Thus, it is likely that the enzyme 
from anaerobes follows a reaction mechanism 
quite different from that suggested for sheep brain 
[8] or E. cob enzyme [9]. 
Preliminary chemical modrfrcatron studres m- 
drcated that tyrosme, carboxyl, arginme and 
htstrdine and possibly lysine are near or at the ac- 
tive site of the enzyme 
Modifrcatron of the enzyme with tetramtro- 
methane, a tyrosine-specific reagent, under op- 
timal conditions resulted m concomitant loss of en- 
zymatic activity which suggests that the tyrosme 
residues are at or near the active site of C. 
pasteunanum glutamine synthetase. 
2. MATERIALS AND METHODS 
2.1. Materials 
Bovine serum albumin, Coomasste brilliant blue 
R 250, 1-cyclohexyl-3-(2-morpholmoethyl)carbo- 
dnmide metho-p-toluenesulfonate, drmethylsu- 
berrmrdate hydrochloride, 5,5 ‘-dtthiobis(Zmtro- 
benzorc acid) (DTNB), N-ethylmalermide, phenyl- 
methanesulfonyl fluoride and Tris were purchased 
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from Sigma (USA); DEAE-Sephadex A-50 and 
Sepharose 4B from Pharmacta, Uppsala; phenyl- 
glyoxal hydrate and 2,3-butanedione from Fluka 
and tetramtromethane (TNM) from K & K Labo- 
ratories, Jamaica, NY. 
2 2. Methods 
C. pasteunanum was grown, harvested and pro- 
cessed for purification of glutamme synthetase to 
homogeneity as m [7]. Polyacrylamtde disc gel 
electrophorests m the presence and absence of SDS 
showed the enzyme to be homogeneous. Purified 
enzyme had a specific activity of 65 units per mg 
protein as measured by the y-glutamyltransferase 
assay, 1 unit being defined as prnol y- 
glutamylhydroxamate formed per mm. Protein 
was determined by the method of Lowry et al. [lo] 
and enzyme activity by the synthetase and y- 
glutamyltransferase activities [7]. 
Prehmmary chemical modtficatton studies were 
carried out under the conditions as given m table 1 
3. RESULTS AND DISCUSSION 
3.1. Prelimrnary modlfkatlon studies and 
optlmizatron of modrfrcatlon of tyrosme with 
tetranrtromethane 
Table 1 shows the loss m enzymatic acttvny on 
modtftcation of glutamme synthetase with reagents 
specific for the likely active site ammo acids These 
results tmphcate tyrosme, carboxyl, argmme and 
htstidme and suggest the non-mvolvement of serme 
and sulfhydryl residues at or near the active site 
The loss m enzymatic activity m the presence of 
dimethylsuberimtdate could be due to either cross- 
hnkmg or modtftcation of the lysyl residues. The 
retention of activity on reacting with sulfhydryl- 
specific reagents 1s m contrast to the fmdmgs m 
other organisms [l-4] 
As the preliminary experiments indicated that 
among the active site ammo acids tyrosme 
residue(s) play an essential role m glutamine syn- 
thetase catalysts, condittons were systematically 
opttmtzed for its modiftcatton with TNM, which 
mdicated that the modtftcatton proceeded optimal- 
ly at’ tetramtromethane, 0.21 mM; temperature, 
30°C buffer, 50 mM Trts-HCl (pH 7.7); mcuba- 
tion time, 30 mm 
TNM preferably nitrates tyrosme m the phenox- 
ide form. Hence lowering the pH should slow 
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down and at pH 6 0, practtcally stop the mtration 
of this residue [l l] In the case of C pasteunanum 
enzyme, lowering the pH to 6 0 or raising tt to 8.0 
or above led to loss of acttvny m the enzyme Itself, 
but modtftcatton at pH 6 5 led to only 10% loss vs 
70% at pH 7.7. 
Treatment of a protein with TNM at pH 6.5 can 
oxtdize sulfhydryl groups with concomttant loss m 
enzymatic activny. Hence, modification of 
glutamme synthetase was carried out m the 
presence of DTNB (1 mM) at pH 7.0 and 6 5, but 
it dtd not affect the pattern of loss of acttvny at 
either pH. A high concentration of TNM can lead 
to cross-linking of protem with loss m enzymattc 
activity But m this case, determination of the M, 
of the modified enzyme by gel permeation 
chromatography showed no change and hence loss 
of enzymatic acttvny was attributed to modtftca- 
tton of tyrosme residue(s) and not due to either 
thiol oxtdatton or cross-hnkmg of protem. 
3.2. Kmetlcs of rnactrvatron of glutamme 
synthetase by tetranrtromethane 
Glutamme synthetase was incubated with dtf- 
ferent concentrations of TNM at 30°C for 30 mm 
at pH 7.7. Ahquots were wtthdrawn at different 
time intervals, dialyzed and assayed for y- 
glutamyltransferase acttvtty. Semtlog plots of 
residual activity vs time were linear at all TNM 
concentrattons employed, suggesting that the mac- 
tivatton is pseudo-first order m enzyme (ftg.1) 
The number of molecules of modtfter reacting 
per active umt of the enzyme was calculated by 
plotting -log (to x)-’ vs log [TNM] (fig 1, inset a). 
A slope of 2.2 was obtamed suggesting that 2 
molecules of TNM reacted per active unit of the 
enzyme leading to its inactivation. When the 
observed pseudo-first-order rate constants (/cobs) 
were plotted vs [TNM] (fig 1, inset b) a linear plot 
was obtained, mdicatmg a smgle-step reaction. 
3.3. Effect of tyrosme modlficatron on synthetase 
actlvlty 
Glutamme synthetase was incubated with 
0 21 mM TNM m 50 mM Trts-HCl (pH 7 7) at 
30°C for various ttme Intervals. The loss m y- 
glutamyltransferase and synthetase activities were 
determined as shown m fig 2. It was observed that 
the loss m the two acttvmes on modiftcatton ran 
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Table I 
Inactwatmn of C pasteurranum gl tamm synthetase on treatment wth ammo acid speclflc reagents 
June 1985 
Speclflc reagents Concentratmn of 
stock \olutlon 
Buffer and pH 
of the mcubanon 
mixture 
lncubatlon 
temperature (“C) 
lncubatlon 
time (mm) 
Concen- 
tratlon 
(mM) 
Percent 
residual 
actlwty 
Control 
Sulfhydryl 
N-Ethylmalelmlde 
5,5’-Dlthlobls- 
(2.mtrobenzox acid) 
Serme 
Phenylmethane- 
sulfonyl fluonde 
Hlsndme 
Rose Bengal dye 
Argmme 
Phenylglyoxal 
2,3-Butanedlone 
Tyrosme 
lodme 
Tetramtromethane 
Glutamate/aspartate 
I-Cyclohexyl-3. 
(2-morphohnoethyl)- 
50 mM m 100 mM IO0 mM TrwHCl 
Tns-HCI (pH 7 2) (PH 7 2) 
20 mM m 100 mM 
TrwHCI (pH 7 2) 
100 mM TrwHCI 
(PH 7 2) 
25 mM m IO0 mM TrwHCI 
lsopropanol (PH 7 2) 
0 2% (w/v) m 
50 mM Tns-HCI 
(PH 7 5) 
50 mM Tns-HCI 
(PH 7 5) 
160 mM m 50 mM 
borate buffer 
(PH 8 0) 
50 mM borate 
buffer (pH 8 0) 
91 mM rn 50 mM 
borate buffer 
(pH 7 5). pH adjusted 
to pH 7 5 wth 
I N NaOH 
50 mM borate 
buffer 
(PH 7 5) 
IO mM m 500 mM Kl 
21 mM m 
95% ethanol 
50 mM TrwHCI 
(PH 7 5) 
50 mM Trls-HCI 
(PH 7 5) 
I25 mM m 40 mM Mes 40 mM Mes 
buffer (pH 6 5) buffer (pH 6 5) 
carbodllmlde metho-p- 
toluenesulfonate 
Lysme 
Dlmethvlsubenmldate I50 mM m 50 mM 
TrwHCI (pH 7 5). pH 
rapldly adjusted to 
50 mM Tns-HCI 
(PH 7 5) 
30 30 20 100 
30 30 10 100 
30 
4°C lrradlated 
wth 200 W bulb 
at a distance of I ft 
30 I 100 
10 0 04% (w/v) 51 
30 60 20 26 
30 30 I8 2 42 
30 
30 
6 
30 
30 25 20 
01 
0 21 
(ethanol concentration 
does not exceed 5% m 
mcubatlon mixture) 
30 
38 
7 5 wth I N NaOH 30 30 60 50 
Ahquots (I 0 ml) of exhaustwely dialyzed homogeneous glutamme synthetase (protem, 0 I5 mg/ml) were Incubated wth mdlcated reagents under the 
stated condmons of pH, concentration, temperature and time m a total volume of 2 5 ml, dialyzed and assayed for p-glutamyltransferase actwty 
Controls were run simultaneously m the absence of the reagent, and their actwlty was taken as lo0 
more or less parallel lmphcatmg tyrosme m both 
activities 
3.4 Stab&y of modrfied glutamme synthetase 
Glutamme synthetase modified with 0.21 mM 
TNM at 30°C for 30 mm and native enzyme were 
dialyzed against 50 mM Tns-HCl (pH 7 2) for 12 h 
with two changes and their residual activities were 
compared. The ratlo of actlvltles m the two 
samples remained unchanged, Thus the modified 
enzyme 1s stable 
3 5 Protection of glutamme synthetase against 
modlfrcatlon by substrates 
The presence of substrates, substrate analogs or 
competitive inhibitors protects only the active site 
ammo acid residues agamst modlflcatlon and thus 
establishes the site of modified ammo acids. 
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0 12 2L 36 48 60 
Time Imn I 
Ftg 1 Semtlogartthmtc plot of glutamme synthetase 
macttvatron by TNM. Ahquots (1.0 ml) of the enzyme 
solutton (protem, 0 16 mg/ml) were Incubated with 
0 105 mM (m), 0 168 mM (M), 0 21 mM 
(a) and 0 315 mM (M) TNM m 50 mM Trts- 
HCl (pH 7 7) at 30°C m a total volume of 2 5 ml 
Ahquots were withdrawn at regular time Intervals, 
dialyzed and assayed for y-glutamyltransferase acttvtty 
Controls (M) were incubated under stmrlar 
condrttons without TNM. The percent actrvtty left m 
each sample was calculated by takmg control value 100 
(Inset a) Apparent order of the mactrvatron was 
determined by plotting the negative values of the 
logarithm of the half-time of macttvatton (to 5))’ vs log 
[TNM] (Inset b) Observed first-order rate constants 
were plotted vs [TNM] to determine the number of steps 
mvolved m the macttvatron process 
Tyrosme modtfrcatron was therefore carried out in 
the presence and absence of substrates for 30 mm, 
dtalyzed and assayed for y-glutamyltransferase ac- 
tivity (table 2). It was observed that nerther Mg2+ 
nor NH20H alone provided any protectlon against 
modlflcatlon. The presence of either ATP or 
glutamate alone protected the enzyme marginally 
The enzyme retained 50% actwty m their presence 
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Fig 2 Effect of TNM on synthetase and transferase 
acttvttles of glutamme synthetase Ahquots (1 0 ml) of 
the enzyme solutton were incubated with 0 21 mM TNM 
m 50 mM Trts-HCl (pH 7 7) at 30°C m a total volume 
of 2 5 ml Ahquots were removed at drfferent ttme 
intervals, dialyzed and assayed for synthetase (o---O) 
and y-glutamyltransferase (ti) acttvttres Control 
was also run under the same condtttons m the absence of 
TNM and percent acttvrty left m each sample was 
calculated by taking control as 100 
Table 2 
Protection of glutamme synthetase by substrate(s) 
against modrftcatton on treatment wtth TNM 
Modrftcatlon m the presence of Percent residual 
activitya 
Ntl 33 3 
NHzOH 22 
MgClz 25 
ATP 50 
ATP + MgClz 60 
Glutamate 48 
Glutamate + ATP 95 
a Acttvtty of the unmodtfred enzyme was taken as 100 
Glutamme synthetase (0 4 ml; protein. 0 16 mg/ml) was 
incubated with TNM (0 21 mM) m the presence and 
absence of L-glutamate (72 mM), ATP (28 mM), MgCl2 
(48 mM); NH20H (28 mM), for 30 mm m 50 mM Trts- 
HCl (pH 7 7) at 30°C m a total volume of 1 0 ml, 
dialyzed and assayed for y-glutamyltransferase acttvtty 
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vs 33% in their absence. However, the presence of 
both glutamate and ATP gave nearly full protec- 
tion to the enzyme against modification. A similar 
observation was made when synthetase activity 
was determined. Hence tyrosme residues are pre- 
sent at or near the active site of glutamme syn- 
thetase from C. pusteunanum and are essential for 
both rts y-glutamyltransferase and synthetase 
activities. 
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